Objectives: To evaluate the frequency of submucous cleft palate (SMCP) in a group of children with clefts. The reason for suspecting submucous cleft, age of diagnosis, effect of age on speech development, problems in speech, hearing and swallowing were compared with previous literature. Methods: Retrospective chart review: Out of 33 patients with SMCP, registered by the Groninger cleft team over approximately 20 years (1990 until July 2012), 28 non-syndromic patients with a proven diagnosis of SMCP were included: 17 males and 11 females. Speech and hearing were examined and the number of patients with SMCP and age at time of diagnosis were evaluated. The percentages of problems in resonance, articulation and hearing, present at time of diagnosis, were compared with the percentages of problems found after surgery. Results: Out of 800 patients with clefts, 28 patients (3,5%) were diagnosed with SMCP at a mean age of 3;9 years. All patients presented one or more symptomatic complaints at time of diagnosis: hypernasality (65%), problems in articulation (46%), conductive hearing loss (39%) and/or swallowing problems (32%). A bifid uvula was found in 92%. Following surgery, hypernasal speech and swallowing problems were no longer observed. The articulation problems remained after surgery. Age of diagnosis seems no predictor of articulation problems. An improvement in hearing was observed but normal hearing was not achieved. Pharyngoplasty appeared to be a successful and save treatment of hypernasality. Conclusions: SMCP is a rare cleft palate which is, despite the presence of a bifid uvula and symptoms of velopharyngeal insufficiency, often diagnosed late. In children with a bifid uvula and mild problems in speech, hearing and swallowing, it is important to be alert to SMCP because SMCP may account for these persistent mild complaints. Therefore, early detecting of SMCP can yield profits. ß
Introduction
A submucous cleft palate (SMCP) is a relatively rare variant of the congenital malformation cleft palate. A cleft palate is mostly noticed directly after birth during screening of the newborn. In SMCP the roof of the mouth appears normal. Therefore, children with SMCP are usually diagnosed later in life [1] [2] [3] , often between 4 and 5 years [4] . In the 1970s and 1980s, 2 studies screened large populations of normal primary school children for SMCP. Weatherley-White et al. [5] found in 10836 children 9 children with SMCP, an incidence of 1:1200 (0.08%). Garcia-Velasco et al. [6] screened 6000 children and found only 1 child with SMCP (0.02%). These 2 studies, however, only included children with visual anatomical features associated with SMCP, including a bifid uvula, a bony notch in the posterior part of the hard palate and/or a muscle diastasis often referred to as 'zona pellucida' or 'translucent zone'. This means that the diagnosis of SMCP is sometimes missed because it is known that SMCP can also be present as occult SMCP without these characteristics [7, 8] .
Depending on the presence of velopharyngeal insufficiency (VPI), patients with SMCP may present at any age with symptoms caused by VPI or remain asymptomatic throughout life [1, 6, [9] [10] [11] [12] . If symptomatic, patients most commonly present speech abnormalities [1] . Because of incomplete closure between the nasal and oral cavity and because of insufficient buildup of pressure in the oral cavity, hypernasality and articulation errors arise [1, 13, 14] . In the early years of life, swallowing problems as nasal reflux can also appear [9, 15, 16] . Moreover, hearing problems are common because of defective function of the Eustachian tube followed by otitis media with effusion [4, 17, 18] .
With regard to speech, the first year of life is the basis of language acquisition with passive language development as well as active phoneme recognition of native language. Speaking of words typically begins at an age of approximately 12 months and recognizable speech becomes apparent at about the age of 18 months. It is assumed that by the age of 6 years the phonemic development is terminated and the language-specific speech characteristics are acquired. When abnormal speech is not treated in the first years of life, as a consequence, articulation problems can become fixed in the speech system and can remain persistent after surgical correction [19, 20] .
All patients with SMCP diagnosed and treated over the past 20 years by the Groninger cleft lip and palate team are scored by number of patients with SMCP, reason for suspecting SMCP, age of diagnosis and effect of age on speech development, speech (hypernasality and articulation), hearing and swallowing. We want to compare the mentioned parameters with previous literature in a retrospective chart review. In addition, the executed treatments in the intervening period are evaluated.
Methods

Subjects
From 1990 until July 2012, 33 patients were registered with SMCP by the Groninger cleft lip and palate team of the University Medical Center Groningen (UMCG). Inclusion criteria for further analyses were the diagnosis of SMCP, confirmed by palpation of the palate and visual inspection as part of intra-oral examination; nonsyndromic patients, with no other medical conditions. Five of 33 patients were excluded because of having a syndrome or comorbidity in addition to SMCP (3 patients) or by the lack of follow-up data (2 patients). The remaining 28 patients were used for statistical analyses. The number of patients in different analyses was variable because of incomplete data.
Communicative abilities
All patients with SMCP were examined as part of the routine diagnostic and treatment protocol on communicative abilities by an otorhinolaryngologist, a plastic surgeon, an audiologist, a speech pathologist and child psychologist of the Department of Otorhinolaryngology and Head and Neck Surgery, who were members of the Groninger cleft lip and palate team.
Hypernasality
The presence or absence of hypernasality was scored by the findings and descriptions of the speech pathologist. The speech pathologist determined speech by audible examination. In case of hypernasality, the speech pathologist scored this as mild, moderate or severe. Sentences developed by Moolenaar-Bijl [21] were used, see Appendix A. These sentences are 3 oral Dutch sentences which lack words with nasal sounds. These sentences must be repeated, as the children cannot read yet. Hypernasality was further tested by imitation of the vowels /oe/ and /i.e./ and fricative /ss/ in prolonged pronunciation. This was alternately tested with nose open and nose closed. Because most young children show non-cooperative behavior with nasometry, this objective method for measuring hypernasality was not used [22] . Moreover, normative nasalance scores derived from Moolenaar-Bijl sentences are not age specific for Dutch children aged 4-6 years and therefore only applicable to a whole group of children [23] .
Articulation
The presence or absence of articulation problems was scored by the findings and descriptions of the speech pathologist. Articulation was routinely tested by the responses from naming pictures and/or by observation of spontaneous speech by audible examination by the speech pathologist. If the child fails to produce a consonant correctly in the picture-naming task, the child was asked to imitate the word. For children aged up to 4 years, the pictures represent words with consonant-vowel-consonant syllable structure, see Appendix B. The clinical speech pathologist mainly listened for their phonological process, as it is normal for young children to leave out or substitute consonants. Dutch research about phonological development in young children point out that 11 initial consonants (/p/, /t/, /k/, /m/, /n/, /s/, /x/,/h/, /j/, /f/ and /w/) and 6 final consonants (/p/, /k/, /s/, /x/, /m/, /n/) are present in 80-100% of 2;6-year-old children [24] . From the age of 4 years, the pictures also represent consonant clusters, see Appendix C. For these children it is assumed that all Dutch consonants except /r/ and all consonant clusters except /sch/ have to be present [25] . Presence or absence of articulation problems was defined by audible examination by a speech pathologist if these sounds were not present.
Hearing
Both behavioral observation audiometry and pure-tone audiometry were used by audiologists to test the hearing abilities of children with SMCP. Behavioral observation audiometry was routinely used to observe reflex behavior in response to filtered real-world sounds (i.e. footsteps, a barking dog) or bandpass-filtered noise in children aged up to approximately 4 years. Audiometry assessment was done in a sound proofed booth. The stimuli that gave the best response at time of testing were used for each child. Realworld sounds were filtered in the ranges 0-1000 Hz ('low'), 1000-2500 Hz ('middle') and 2500 Hz and above ('high'). Filtered noise was centered at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz. In this study, the average reaction threshold on noises were calculated using different ranges ('low', 'middle' or 'high') or 500 Hz, 1000 Hz and 2000 Hz by following the descriptions of the audiologist. The results of behavioral observation audiometry were interpreted as not increased (average reaction threshold on noises by 20-30 dB) or as hearing loss (average reaction threshold on noise by >30 dB). Hearing problems were defined as being present when the average reactions occurred at >30 dB, based on both ears and tested without the presence of ventilation tubes.
When children were both able to and cooperative enough, reliable pure-tone audiometry was routinely performed. Air conduction thresholds were measured using headphones. Hearing thresholds were measured at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz. Tests were performed on both ears. In this study, the pure tone average (PTA) threshold, using 500 Hz, 1000 Hz and 2000 Hz, was calculated in test performed without the presence of ventilation tubes to determine the relevant hearing loss.
Hearing abilities, tested without ventilation tubes, preoperatively and postoperatively were compared. Improvement in hearing was defined as a decrease of the average reaction threshold. Deterioration in hearing was defined as an increase of the average reaction threshold.
Intra-oral examination
Examination of throat, nose and ears was routinely performed by an otorhinolaryngologist. Examination of the intra-oral cavity was also performed by the plastic surgeon. During palate examination, anatomical features of the underlying submucous cleft were evaluated [8] : (a) a bifid uvula, (b) a bony notch in the posterior part of the hard palate and (c) a translucent zone in the midline of the soft palate. Palpation of the palate was performed to detect and confirm the diagnosis SMCP.
Treatment
According to the Groninger cleft lip and palate team protocol speech therapy, palate repair, pharyngoplasty, surgical hearing improvement (adenoidectomy or insertion of ventilation tubes tubes), or other appropriate treatment was performed [14, 18, 26] .
Statistics
SPSS Statistics version 18.0 for Windows (SPSS Inc., Chicago) was used for statistical analysis. Besides descriptive statistics, Fisher's exact statistics was used analyze the difference between articulation problems postoperatively and at time of diagnosing SMCP.
Because of the small sample size of this study, subgroup analyses and multivariable analyses were not performed. Descriptive statistics were used as alternative to prevent potential type 2 errors. Significance for differences was expressed using p values. A two-tailed p value of <0.05 was considered significant. Table 1 )
Results
Patient characteristics (see
Out of 800 patients who are diagnosed with clefts each year [14] , 28 patients (3.5%) were diagnosed with SMCP; 17 males and 11 females. The mean age at diagnosing SMCP was 3;7 AE 1;9 years.
All patients with SMCP presented symptomatic complaints at time of diagnosis. Young children (aged between 0;0 and 1;2 years) initially presented swallowing problems as nasal reflux, chocking and/or difficulties in drinking. In older patients, one or more of the following symptoms were present: hypernasal speech, articulation problems, Eustachian tube dysfunction with conductive hearing loss and/or swallowing problems.
A total of 24 patients received treatment one or more times prior to the diagnosis SMCP. Treatments received were speech therapy, a Haberman baby-bottle mouth piece, adenoidectomy, tonsillectomy and the insertion of ventilation tubes. After adenoidectomy, 7 of 15 children noticed hypernasality for the first time or enhancement of it.
3.2. Intra-oral examination (see Table 1 )
Of the 28 children with SMCP, 2 children had an occult SMCP without classic triad. In the remaining 26 children with SMCP, a bifid uvula was observed in 24 children. A hard palate bony notch, as well as a furrow in the midline of the soft palate, was observed in 3 of 26 children.
Audible examination of speech (see Figs. 1 and 2)
At time of diagnosing SMCP, 5 of 28 children were too young to talk. In the remaining group of 23 children, speech was normal in 5 children. Hypernasal speech was observed in 18 of 23 children and in 10 of these 18 children combined with articulation problems. In addition, articulation problems were present in 3 of 23 children without the presence of a hypernasal speech. Fig. 3 )
Audiometry (see
Prior to diagnosing SMCP, 12 children received ventilation tubes. At time of preoperative audiometry, in 3 of these 12 children the ventilation tubes were still present. In 1 child no preoperative audiometry was performed. In the remaining 24 of 28 children the hearing abilities were all tested without the presence of ventilation tubes. Normal hearing was present in 13 of 24 children, conductive hearing loss in 11 of 24 children (average hearing loss >30 dB). Table 2 )
Treatment (see
After diagnosing SMCP, in 4 of 28 children no treatment was performed because of velopharyngeal competence. Initially treatment with palate repair to correct VPI was performed in 15 of 24 children. Secondary pharyngoplasty was needed in 10 of these 15 children because of poor velopharyngeal closure with persistent hypernasality. Nine of 24 children were initially treated with pharyngoplasty. A revision pharyngoplasty was performed twice in this group of 9 children because of dehiscence of the pharyngeal flap with persistent hypernasality or because of the development of hyponasality by a pharyngeal flap which was too large. 
Outcomes of treatment
The mean duration of follow-up was 4;7 AE 3;3 years. Persistent swallowing problems were not observed after surgical correction of VPI. Table 3 )
Outcomes in speech (see
At speech assessment after surgical correction of VPI with palate repair and/or pharyngoplasty, a hypernasal speech was no longer observed in any of the 18 children with initially hypernasality.
Postoperatively, a significant improvement in articulation was not obtained (p = 0.25): of the 12 children with initially articulation problems, the articulation problems resolved in 5 children and persistent in 7 children. In 4 of these 7 children, additional speech therapy was effective in resolving persisting articulation problems.
The median age at diagnosis was 3;6 years (range 0;8-6;2 years) in children with persistent articulation problems and 3;9 years ((range 2;9-5;9 years) in children without persistent articulation problems after treatment.
Outcomes in hearing (see Tables 4 and 5)
Postoperatively (range 3 months to 2 years), hearing abilities tested with the same audiological hearing tests as preoperatively were available for 9 of 11 children with conductive hearing loss at time of diagnosis.
In 4 of 9 children the hearing abilities were tested with behavioral observation audiometry. Improvement in hearing, was observed in 3 of 4 children (mean conductive hearing loss from 66 dB preoperatively to 53 dB postoperatively). A barely unchanged hearing loss was observed in 1 of 4 children (mean conductive hearing loss from 56 dB preoperatively to 60 dB postoperatively).
In 5 of 9 children the hearing abilities were tested with puretone audiometry. Improvement in hearing was observed in 3 of 5 Additional pharyngoplasty, n (%) 10 (67%) 2 (22%) a a Revision pharyngoplasty Table 3 Number of children with articulation problems preoperatively and postoperatively (n = 24).
Preoperatively
Postoperatively Total
Articulation problems
No articulation problems Articulation problems 7 (58%) 5 (42%) * 12 * No articulation problems 5 (42%) 7 (58%) 12 24 * p = 0.25 Table 4 Average conductive hearing loss in decibel (mean, standard deviation, minimum, maximum) tested with behavioral observation or pure-tone audiometry in children with SMCP preoperatively and postoperatively (n = 9). Preoperatively  4  64  9  56  70  Postoperatively  4  55  8  43  60   Pure-tone audiometry  Preoperatively  5  36  6  32  45  Postoperatively  5  22  15 10 42 Table 5 Ventilation tubes inserted in children with SMCP during the intervening period (n = 9). Number of patients   None  1  One  3  Two  2  Three  2  Four  1 children (mean PTA from 37 dB preoperatively to 11 dB postoperatively) and a barely unchanged hearing loss was observed in 2 of 5 children (mean conductive hearing loss from 36 dB preoperatively to 38 dB postoperatively). Additional insertion of ventilation tubes (with or without adenotomy) was required in 8 of 9 children with initially hearing loss in a range from 1 to 4 times because of recurrent OME during the intervening period.
N
Mean SD Min Max
Behavorial observation audiometry
Number of ventilation tubes
Discussion
In this study, out of 800 patients with a cleft registered by the Groninger cleft lip and palate team [14] , 28 patients (3.5%) met the inclusion criteria and were diagnosed with SMCP. This confirms reported incidences of 3.2% [27] and 4.3% [28] of similar, retrospective studies examining populations with clefts. However, the frequency of SMCP might be higher, because subclinical patients do not suffer from problems in speech, hearing and/or swallowing and are therefore not detected in hospitals and thus not diagnosed with SMCP. It can be recommended to be aware of the existence of SMCP in case of problems in speech, hearing and/or feeding. Active seeking for the existence of SMCP in a patient without complaints, however, is not necessary.
Patients with SMCP were diagnosed at a mean age of 3;7 AE 1;9 years. This is in accordance with previously reported results that SMCP is often diagnosed late [1] [2] [3] [4] . One reason for late diagnosis might be the lack of alertness for obvious anatomical features of the underlying, not visible cleft of the palate [3, 4, 29] . During intra-oral examination, more than 90% of the patients showed a bifid uvula, which was associated with SMCP. This visual anatomical variation, however, remained undetected during screening of the newborn after birth. The bifid uvula was also not noticed during previous performed surgical interventions while 83% of the patients received adenoidectomy, tonsillectomy and/or insertion of ventilation tubes prior to the diagnosis of SMCP. It is likely that ENT surgeons who previously treated those children have conducted insufficient physical examination or registration.
All patients with SMCP presented symptomatic complaints at time of diagnosis. A hypernasal speech was the primary symptom in 65% of the children, often combined with articulation problems. This corresponds to the literature [1] [2] [3] [4] . Thirty-nine percent of the children with SMCP suffered also from conductive hearing loss, as opposed to 5% of normal children [30] . This percentage agrees with reported results of conductive hearing loss in 45% of the patients with SMCP [4] . Besides abnormalities in speech and hearing were swallowing problems other common complaints at time of diagnosis, especially in younger children. In retrospect, many of the children above 2 years of age had swallowing problems when they were younger for which primary care clinicians were consulted. In the majority of the cases, little or no attention was given to these swallowing problems. This suggests it is thought that these swallowing problems were innocent and would improve over time. In fact, the swallowing problems probably were consequences of VPI by a submucous cleft of the palate. If we see children with a bifid uvula with mild problems in speech, hearing and/or swallowing which are difficult to interpret, it is important to be alert to the existence of SMCP and to examine the patients as a patient with SMCP.
Because of problems in speech, 75% of the patients received speech therapy prior to the diagnosis SMCP. In retrospect speech therapy did not treat hypernasality due to VPI, because it is caused by an abnormal structure of the palate [31] . Unlike hypernasality, articulation problems remained persistent despite surgical correction of VPI. Pulkkinen et al. [32] shows the independence of articulation problems of VPI. Moreover, articulation problems can be influenced by speech therapy [10, 33] , as is also shown in this study. When abnormal speech is not treated in the first years of life, as a consequence, articulation problems can become fixed in the speech system and can remain persistent after surgical correction [19, 20] . Age at time of diagnosing SMCP seemed no predictor of persistent articulation problems. The children with persistent articulation problems after plastic surgery were aged 2;9-5;9 years when they were diagnosed with SMCP. It is unclear whether the persistent articulation problems can be interpreted as compensation strategies to avoid hypernasality or that these problems developed in other sense. At the age of 3 years, most children already have developed the largest part of their phonemic development [34] .
Surgical procedures, such as pharyngoplasty and palate repair, often initiates an improvement in Eustachian tube function followed by clearing of otitis media with effusion and subsequently improvement in hearing [30] . After surgery in the present study, an improvement in hearing occurred in 67% of children with SMCP as well. Hearing, however, was still not normal in these children with a postoperative average conductive hearing loss of more than 30 dB. Insertion of ventilation tubes was required in 82% of the children with SMCP and initial hearing loss in a range from 1 to 4 times. Therefore, hearing problems seem difficult to treat effectively on the long term in children with a (submucous) cleft of the palate [18] .
When pharyngoplasty, and eventually revision pharyngoplasty, was carried out, speech resonance normalized in all children with SMCP after operation. This is in line with several studies which state that pharyngoplasty is an effective intervention for velopharyngeal dysfunction, with an overall success rate of 84% after 1 operation and greater than 98% after 2 operations [18, [35] [36] [37] . In the present study, a revision pharyngoplasty was carried out twice because of dehiscence of the pharyngeal flap or because of the development of hyponasality by a pharyngeal flap which was too large. This confirms pharyngoplasty is a safe surgical procedure with very few complications. In a study of Hofer et al. [37] complications occurred in only 4% of the operations, noting that flap dehiscence is the most frequent complication (3%) and postoperative bleeding requiring reoperation occurs only in 1%.
It must be noted that the possibility exist that the data could have been influenced by developments in techniques for diagnosis and surgery of SMCP because this study was based on a period of time of almost 20 years. However, the aim of this study was to evaluate the age at time of diagnosing SMCP and the consequences of this age on speech development and not to evaluate the outcomes of different surgical techniques performed in the past 20 years.
Conclusion
SMCP is a rare cleft palate which is, despite the presence of a bifid uvula and symptoms of VPI, often diagnosed late. In children with a bifid uvula and mild problems in speech, hearing or swallowing, it is important to be alert to SMCP because SMCP may account for these persistent mild complaints. Therefore, early detecting of SMCP can yield profits.
